Postoperative bronchopleural fistula is a serious complication to treat once it has appeared. At present the incidence of such fistulas had remarkably decreased compared with that in the early history of thoracic surgery (Suzuki and Ueda 1955; Malave et al. 1971 ; Hankins et al. 1978 ). However, it has recently been reported that bronchopleural fistulas were detected in aged patients having complications and in patients who underwent completion pneumonectomy (Nishiwaki et al. 1989 ). Bronchopleural fistulas have also been detected in cases with pulmonary resection after neoadjuvant therapy (Ihde 1988) including radiation therapy or anticancer chemotherapy (Ohizumi et al. 1989 ; Moroboshi and Ishiba-shi 1989) . Thus, the prevention of postoperative bronchopleural fistulas has again become urgent. Since July 1988, we have performed the bronchial stump closure using a new procedure with non-absorbable suture material as follows : two pairs of teflon pledgets are attached to the corners of the stump by horizontal mattress suturing, and some interrupted sutures are added for closure of the stump. We herein report that the incidence of postoperative bronchopleural fistulas has been remarkably decrease by this new method.
MATERIALS AND METHODS
We examined the frequency of postoprative bronchopleural fistula in a total of 4286 patients who underwent pulmonary resection at the Research Institute for Tuberculosis and Cancer, Tohoku University between 1948 and April 1990. The method of Sweet (Sweet 1945 ) was used to close bronchial stumps until June 1988. Since July 1988, a new procedure of bronchial stump closure with two pairs of teflon pledgets had been employed instead of the Sweet's method. The effects of different stump closure methods and suture materials on the fistula frequency were compared in detail in 1168 cases of pulmonary resection for the period beginning in 1982 (880 cases with the Sweet's method, from January 1982 to June 1988, and 288 cases with the new method, from July 1988 to April 1990). For the same period starting in 1982, the frequencies of postoperative fistulas in bronchial stumps closed by Sweet's method and the new method were also compared in patients having inflammatory diseases and patients treated with neoadjuvant therapy. We also examined bronchopleural fistulas bronchoscopically in 26 cases in which stumps were closed by Sweet's method.
In Sweet's method, we by horizontal mattress suture, and a few interrupted sutures are employed on the stump. When tension is detected at the corner of the cartilage portion, the cartilage is cut (lower schema). Hatched areas represent cartilaginous portions.
stump closure method was employed using polyester sutures coated with polybutyrate (Ethibond ; Ethicon Peterborough, Canada) ( Fig. 1 and 2 ). In this method, a pair of teflon pledgets were attached to each of the two corners of the stump with a horizontal mattress suture. And some interrupted sutures were added to close the stump. When the corner(s) of the cartilaginous portion had some tension, cartilage was cut at the corner(s) to reduce the tension. The stump was not covered in principle. The teflon pledgets used were 2.5 mm x 6.6 mm and 1 mm thick. A 2-0 Ethibond suture was used for pneumonectomy, and a 3-0 Ethibond suture for lobectomy.
RESULTS
Postoperative bronchopleural fistulas were detected in 171 (4.0%) of 4286 patients who underwent pulmonary resection between 1948 and April 1990 ( Table  1 ). The incidence of bronchopleural fistulas was 131 (4.2%) of 3118 cases of pulmonary resection between 1948 to 1981 ( Table 1 ). All the cases of pulmonary resection performed between January 1982 and April 1990 were minutely examined, and postoperative bronchopleural fistulas were detected in 39 (4.4%) of 880 cases in which bronchial stumps were closed by Sweet's method. Bronchoscopic findings indicated bronchopleural fistulas to be located at one or both of the corners of stumps in 19 of 26 fistula cases in which stumps were closed by Sweet's method (Table 2 ). In 3 of the 26 cases, fistulas seemed to have developed from injuries by suture material. Regarding the incidence in each of suture material groups, bronchopleural fistulas were detected in 21(4.6%) of 454 cases in which 3-0 silk was used, 14 (5.3%) of 266 cases in which 3-0 absorbable polyglactin was used, and 4 (3.9%) of 102 cases in which 2-0 absorbable polyglactin was used (Table 3) . Neither absorbable material nor non-absorbable material had any influence on the frequencies, when Sweet's method was employed. On the other hand, in 288 cases of pulmonary resection which were subjected to the new stump closure procedure using teflon pledgets and polyester suture coated with polybutyrate, only one case showed bronchopleural fistula (Table 3 ). In patients who underwent pulmonary resection by Sweet's method for inflammatory diseases, bronchopleural fistulas were found in 4 (7.7%) of the 52 patients in the 3-0 silk group and in 1(6.3%) of the 16 patients in the polyglactin groups. However, no fistulas were observed in the cases in which teflon pledgets and polybutyratecoated polyester sutures were used (Table 4) . In patients treated with preoperative neoadjuvant therapy including anticancer chemotherapy and radiation therapy, bronchopleural fistulas were detected in one of two cases in which the stumps were closed with polyglactin ; however, fistulas were not detected in the cases in which teflon pledgets and polybutylate-coated polyester suture were used The incidence of such fistulas has remarkably decreased with the development and wide use of antituberculosis agents. Presently, the treatment of lung cancer, instead of tuberculosis, had become a major subject in the field of thoracic surgery. Many patients having lung cancer are aged heavy smokers, and most of them also have various complications. We think that risk factors for postoperative bronchopleural fistula have changed with the time. In addition, there are factors Neoadjuvant therapy and bronchopleural fistulas which arise from lung cancer itself, such as residual tumor on the stump, and problems caused by preoperative and postoperative anticancer chemotherapy or radiation therapy. Injuries of the bronchial artery and/or nerves in dissection of lymph nodes may also cause bronchopleural fistula (Wilkins 1987 ). All these factors should be examined as major causes of bronchopleural fistula (Brewer 1987) . However, in general, studies of complications, as represented by bronchopleural fistula, are often affected by publishing bias ; i.e., studies with good results are apt to be published more often than those with bad results, and hence the literature represents an unrealistically favorable picture. Our previous reports revealed that brochopleural fistulas were found mostly in patients with residual cancer on the stump, in patients with advanced lung cancer, and in patients who had a poor pulmonary function and needed postoperative ventilatory support (Sato et al. 1989a, b) . Some recent reports also showed that bronchopleural fistulas were frequently detected in patients who underwent completion pneumonectomy (Nishiwaki et al. 1989 ) and in those treated with neoadjuvant therapy (Ohizumi et al. 1989 ; Moroboshi and Ishibashi 1989) . We think that postoperative bronchopleural fistulas is a problem which cannot be avoided when surgical treatment is actively applied to lung cancer. Our previous findings on bronchoscopy indicated that the tension induced at the corners of the bronchial stump could cause bronchopleural fistulas (Sato et al. 1989a, b) . In the present study we examined some additional cases of postoperative bronchopleural fistulas (Table 2) . Bronchopleural fistulas were observed at one corner of the stump in most cases. In Sweet's method, the two portions of different lengths, i.e., cartilaginous portion and membranous portion, are sutured together. The end of the bronchial stump is usually cartilaginous, and the corners, but not the central part of the sutured stump, have high degree of tension. If the stump is not properly cured for some reason, such part has the highest probability of causing incomplete healing. In Sweet's method, absorbable and non-absorbable materials did not affect the frequency of postoperative bronchopleural fistulas (Table 3 ). The frequencies were around the level of 4% throughout the years in which Sweet's method had emplopyed (Table 1 ). This suggests that there are a few cases in which the bronchial stump cannot be closed by Sweet' s method. We consider that the tension induced at the corners of the stump is the main cause of postoperative fistulas. Bronchoscopic examination also revealed that cutting of the bronchial tissue was caused by suture material in 3 cases. Based on these two Bronchoscopic findings, we decided to employ the new method using teflon pledgets attached to both the corners of the stump by horizontal mattress suturing. In this method, cartilaginous portions and membranous portions are sutured with some additional interrupted sutures for closing the stump. This method can prevent the cutting caused by closure material itself and results in a decrease in tension at the corner for a long time. It is also expected that pulmonary resection can be securely performed by this method.
Recently, more and more cases of lung cancer have been treated with preoperative anticancer chemotherapy or radiation therapy. However, these therapies are apt to cause retarded healing and incomplete suture of the bronchial stump. This is a serious issue in neoadjuvant therapy ; we indeed detected postoperative bronchopleural fistulas in patients treated with neoadjuvant therapy when we used the method of Sweet's method for closure of the bronchial stump. However, we have not detected any fistulas since we started using our new method for the closure. It is hence expected that the amount of preoperative radiation and the number of surgical cases can be increased in lung cancer, when the new method, which provides a secure bronchial stump closure, is used.
